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Treatment of Hyaluronan Accumulation Ameliorates 
High-Fat Diet-Induced Insulin Resistance in Mice 
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Substantial evidence supports a role for chronic 
subclinical inflammation in the pathogenesis of 
insulin resistance (1,2). The inflammation induces 
a number of local and systemic responses, in- 
cluding extracellular matrix (ECM) remodeling. ECM is 
normally one of the most important regulators of cellular 
and tissue function in the body since it acts as a scaffold 
for cell migration, a reservoir for cytokines and growth fac- 
tors, and a binding site for various cellular receptors. A 
disturbed ECM is therefore linked to cellular dysfunction, 
and emerging studies show that insulin-resistant skeletal 
muscle is characterized by increased ECM (3-5). However, 
the functional connection between insulin resistance and 
ECM expansion has received little attention. 

In the current issue of Diabetes, Kang and colleagues (6) 
show that feeding rodents a high-fat diet leads to accu- 
mulation of the ECM molecule hyaluronan (HA) in skeletal 
muscle, which contributes to insulin resistance. HA is 
a large nonbranched anionic glycosaminoglycan that is 
important for holding water in tissues and thereby functions 
as a space-filling molecule. It also binds to cell-surface 
receptors and influences cellular responses such as cell 
migration and proliferation (7,8). In contrast to other gly- 
cosaminoglycans, HA is not linked to a core protein, and it 
is synthesized at the plasma membrane rather than in the 
endoplasmic reticulum and Golgi. HA is synthesized by 
a family of enzymes known as HA synthases and is ex- 
truded into the ECM while still elongating (7). 

Compared with other ECM molecules, HA has a sur- 
prisingly rapid turnover, which is regulated by hyaluron- 
idases, HA-degrading enzymes (7). The hyaluronidase 
PH20 has enzymatic activity at neutral pH and can thus be 
used in therapeutic approaches to degrade HA (9). Al- 
though the native PH20 is rapidly degraded in serum, 
a pegylated variant of recombinant PH20 (PEGPH20) is 
stable and can be administered intravenously to tissues to 
degrade HA. Using this approach, Kang and colleagues (6) 
tested the hypothesis that reduction of HA in the muscle 
ECM by the long-acting PEGPH20 reverses high-fat diet- 
induced muscle insulin resistance. Treatment with PEGPH20 
reduced the HA content in skeletal muscle by 80% and, most 
importantly, reversed the insulin resistance. This treatment 
also reversed insulin resistance in other insulin-sensitive 
tissues, including liver and adipose tissue, and decreased 
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inflammation in adipose tissue. Hence, Kang and colleagues 
(6) provide evidence for a causal relationship between HA 
expression and insulin resistance (Fig. 1). 

Although the exact mechanism was not determined, the 
study gives important clues. First, treating cultured muscle 
cells with PEGPH20 did not affect the cellular insulin re- 
sponse, indicating that PEGPH20 does not achieve its in 
vivo effect by acting directly on the skeletal muscle cells. 
Second, acute degradation of HA did not improve insulin 
sensitivity, which suggests that HA does not simply act as 
a physical barrier for insulin in the muscle ECM. Third, the 
authors showed that HA degradation caused increased vas- 
cularization in the muscle tissue, which may be the main 
explanation for the improved insulin sensitivity. For ex- 
ample, increased vascularization may improve insulin 
sensitivity by reducing tissue inflammation (10) and/or 
improving the transport of insulin from blood to skeletal 
muscle cells (11). 

Recent genetic association studies have linked CD44 (the 
main cell-surface receptor for HA) with type 2 diabetes (12). 
Studies with genetically modified mice further revealed that 
a genetic deletion of CD44 reduces high-fat diet-induced 
insulin resistance and adipose tissue inflammation; simi- 
lar results were achieved with anti-CD44 antibody treat- 
ment (12). CD44 is a cell-surface glycoprotein that is 
involved in a wide variety of cellular functions including 
cell-cell interactions, cell adhesion, migration, lymphocyte 
activation, regulation of angiogenesis, and endothelial cell 
proliferation (13,14). It is therefore possible that increased 
HA-CD44 interactions regulate insulin sensitivity by influ- 
encing the endothelial/vascular function. Interestingly, an 
increased level of HA in the arterial wall is also a recognized 
feature of the diabetic macroangiopathy (15,16), and studies 
in vitro support an important role for CD44 and its isoform, 
CD44v3, in the smooth muscle cell response to the met- 
abolic and hormonal disorders of diabetes (16). To di- 
rectly test if the beneficial effect of PEGPH20 is linked to 
CD44, it would be interesting to elucidate if PEGPH20 
treatment further improves high-fat diet-induced insulin 
resistance and adipose tissue inflammation in cd44 null 
mice. 

HA not only binds CD44 but also several other receptors 
such as HA-mediated motility receptor (17). This receptor, 
which is less well-studied than CD44, was originally dis- 
covered as a soluble protein that altered migratory cell 
behavior (17). Evidence suggests that HA also plays a role 
in innate immunity and that HA degradation products 
transduce their inflammatory signal through Toll-like recep- 
tors 2 and 4 in macrophages and dendritic cells (18). Studies 
are required to determine if HA mediates its effect on insulin 
resistance through these or other signaling pathways. 

In summary, the study by Kang and colleagues (6) opens 
up a fascinating field of research by highlighting the role of 
ECM remodeling after administration of a high-fat diet. 
Further studies elucidating the mechanism(s) that link 
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FIG. 1. Proposed model for how ECM remodeling is linked to high-fat 
diet-indnced muscle insulin resistance. High-fat diet potentially leads 
to insulin resistance by several mechanisms, including inflammation 
that is closely linked to ECM expansion and remodeling. Interruptions 
of the pathway at several steps rescue insulin resistance. In the current 
study, Kang and colleagues (6) used hyaluronidase to degrade the HA in 
skeletal muscle. Earlier results from the same group have shown that 
overexpression of catalase in the mitochondria, which reduces oxygen 
free-radical production, prevented muscle inflammation, diminished ECM 
expansion, and rescued insulin resistance (5). Likewise, inhibition of 
phosphodiesterase 5A (PDE5a) has been shown to rescue insulin re- 
sistance by preventing ECM expansion (5). 



increased HA to the pathogenesis of insulin resistance are 
necessary and could reveal novel therapies for type 2 di- 
abetes and associated metabolic disturbances. 
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